with the LKB Ampholine gradient pH 10 to 3. The enzyme, 0.934 mg (0.585 mg in absolute terms) in 100 ,ul of 0.15 M Tris HCl buffer (pH 7.5) containing 2 mM argininosuccinate, was run for 5.5 hr at 20°C and 100 mA; the column voltage slowly rose from 250 to 500 V. Fractions (0. 20 ml) were each rinsed out with 0.25 ml of water. Absorbance at 280 nm was measured to determine enzyme protein location and recovery. Absorbance at 340 nm was absent, thereby excluding the possibility of any traces of turbidity. The control tubes (enzyme absent) gave low absorbance throughout the pH gradient. Correction for the two tubes of the peak amounted to 6%. The recovery of enzyme was 83%. Control and experimental pH values were determined in a Beckman pH meter. The sample was placed, at the start, where indicated in Fig. 1 , to allow a migration of several centimeters. Two such runs gave values in close agreement.
Localized in the liver cytoplasm, argininosuccinate synthetase (EC 6.3.4.5) catalyzes the ATP-dependent condensation of citrulline with aspartate to form argininosuccinic acid, the immediate precursor of arginine and urea in the mammalian liver. Early studies on the enzymatic reaction by Ratner and Petrack (1, 2) and on the complex mechanism of condensation by Rochovansky and Ratner (3, 4) and by Schuegraf et aL (5) were carried out with preparations obtained from bovine liver.
A number of studies have since shown that small amounts of the enzyme are present in extrahepatic mammalian tissues and cells devoid of urea cycle activity. These include kidney (6) and brain tissue (7) , numerous other bodily tissues (8) , and human cultured cell lines (9) (10) (11) (12) . Both nonlethal and lethal human mutations are known for the synthetase (10, 11) and other enzymes of the urea cycle (13) . Carritt et al. (14) have located the synthetase gene on human chromosome 9 .
Homogeneous preparations of the synthetase have recently been reported by Saheki et al. (15) from rat liver, by Rochov- ansky et aL (16) from bovine liver, by O'Brien (17) from human liver, by Kimball and Jacoby (18) from human lymphocytes, and by Hilger et aL (19) from yeast. Insofar as they have been studied, the mammalian enzymes display similarity: molecular weights of the catalytically active enzyme from rat (15) and human (17) liver are 192,000 and 183,000, respectively, as compared to 185,000 for the enzyme from bovine liver (16) . The latter three are tetramers, composed of monomeric subunits of identical molecular weights, 48,000, 46,500, and 43,000 for rat, bovine, and human liver, respectively (15) (16) (17) ; molecular weight values obtained for tetramer and monomer of the synthetase isolated from human lymphocytes are 180,000 and 45,000 (18) . The yeast enzyme, molecular weight 228,000, appears to be a somewhat larger protein (19) and also differs from the bovine enzyme in kinetic behavior, displaying positive cooperativity, whereas the bovine liver enzyme reveals negatively cooperative behavior in substrate binding.
Substrate Mandel (20) with the LKB Ampholine gradient pH 10 to 3. The enzyme, 0.934 mg (0.585 mg in absolute terms) in 100 ,ul of 0.15 M Tris HCl buffer (pH 7.5) containing 2 mM argininosuccinate, was run for 5.5 hr at 20°C and 100 mA; the column voltage slowly rose from 250 to 500 V. Fractions (0. 20 ml) were each rinsed out with 0.25 ml of water. Absorbance at 280 nm was measured to determine enzyme protein location and recovery. Absorbance at 340 nm was absent, thereby excluding the possibility of any traces of turbidity. The control tubes (enzyme absent) gave low absorbance throughout the pH gradient. Correction for the two tubes of the peak amounted to 6%. The recovery of enzyme was 83%. Control and experimental pH values were determined in a Beckman pH meter. The sample was placed, at the start, where indicated in Fig. 1 , to allow a migration of several centimeters. Two such runs gave values in close agreement.
Preparation of Synthetase for Amino Acid Analysis. Desalting was carried out on a Sephadex G-25 column (2.0 X 12 cm) with 0. 1 M triethylamine adjusted to pH 9.5 with CO2. The presence of a volatile counter-ion was necessary to obtain good separation of argininosuccinate from the enzyme. The substrate, which has a high affinity for the enzyme (3, 4, 16), has 5197
The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 (21) , after 48-hr alkaline hydrolysis, and calculated from the tryptophan-to-histidine ratio. Half-cystine and methionine were determined as cysteic acid and methionine sulfone after performic acid hydrolysis (22) On the basis of the absolute value for protein given here, a solution containing 1.0 mg of enzyme per ml, and having an absorbance at 280 nm of 1.48, will be estimated as 1.58 mg/ml by the method of Warburg and Christian and as 1.26 mg/ml by biuret. Because specific activity has previously been based on the biuret protein value (80% of the Warburg and Christian value), the specific activity of the homogeneous enzyme, reported as 230 ,tmol/mg of protein per hr at 38°C (16) , is increased to 290 umol/mg per hr when based on the absolute value for protein.
Partial Specific Volume. The value for partial specific volume, Vp, enters the calculation for s2o . from the sedimentation value S and enters calculations of molecular weight from sedimentation data. Because Vp has not previously been determined for argininosuccinate synthetase, it was of interest for future needs to calculate Vp by the chemical method from the 20TC. The sample, in 100 A.l, was divided into two tubes corresponding to the collected tubes 6 and 7 as shown in Fig. 1 , thus allowing a migration ofseveral centimeters before reaching equilibrium at pH 7.60. Because the dicarboxylic acids appreciably outnumber arginine and lysine, in order for the molecule to have this somewhat alkaline pI, a significant portion of the dicarboxylic amino acid residues are likely to be present as amides.
The single sharp peak at the isoelectric focus, as shown in Fig.  1 , may be taken as further evidence of enzyme homogeneity (16) , and will be useful for comparative studies.
Discussion. Argininosuccinate synthetase from any source is relatively unstable during purification, but activity can be sta- bilized during storage. Nevertheless the limited availability of the desired tissues makes it unlikely that supplies will ever be sufficiently adequate for physicochemical characterization (amino acid composition, amino acid sequencing) necessary for mutational studies. In fact, to meet such needs, cloning of genes in the arginine pathway, among them argininosuccinate synthetase, has been undertaken in several laboratories to establish the nucleotide sequence of the cloned DNA and thence to derive the amino acid sequence of the gene product. The compositional knowledge reported in the present study for the bovine liver synthetase will serve as an important aid to the progress of detailed sequence identification of the argininosuccinate synthetase gene, and gene product, from limited sources.
